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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a high-performance rare earth sintered 
magnet that has a small content of oxygen, high density, 
and an improved degree of orientation, as compared with 
the conventional one. 

SOLUTION: In th is manufacturing method of rare earth 
sintered magnets, alloy coarse powder for the rare earth 
sintered magnet is ground minutely to an average 
particle diameter of 1 to 10 pim in a non-oxidizing 
atmosphere, and the obtained fine particle is collected 
into the non-oxidizing liquid for manufacturing slurry. In 
this case, the non-oxidizing liquid includes at least one 
kind of oil selected from mineral, synthetic, and 
vegetable oils, and lubricant comprising at least one kind 
selected from the monohydric alcohol ester of fatty acid, 
the monohydric alcohol ester of polybasic acid, the fatty 
acid ester of polyhydric alcohol, and their derivatives. 
Then, the formation is made by the slurry, and the 
forming bpdy obtained is subjected to deoiling, sintered, 
and them heat-treated. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At least one sort of oils which pulverize the alloy coarse powder for rare earth sintered 
magnets in mean particle diameter of 1-10 micrometers in a non-oxidizing atmosphere, and are 
chosen from mineral oil, synthetic oil, and vegetable oil in the obtained fines. Collect in the non- 
oxidizing quality liquid which consists of lubricant which consists of at least one sort chosen 
from from among the monohydric alcohol ester of a fatty acid, the monohydric alcohol ester of 
polybasic acid, the fatty acid ester of polyhydric alcohol, and those derivatives, and a slurry is 
produced. Subsequently, the manufacture approach of the rare earth sintered magnet 
characterized by fabricating by said slurry, deoiling the acquired Plastic solid, sintering 
subsequently, and heat-treating. 

[Claim 2] The addition of said lubricant is the manufacture approach of the rare earth sintered 
magnet according to claim 1 which is the range used as the :(R-Fe-B system alloy fines) 
(lubricant) =99.99-99.5 weight section:0.01 - 0.5 weight section. 

[Claim 3] Said alloy coarse powder for rare earth sintered magnets is R (R is at least one sort of 
the rare earth elements containing Y). Nd occupied to R is more than 50 atom % — :28-33%, 
B:0.8 - 1.5%, Co:0.5-5%, and Cu: ~ 0.01 to 0.3% Ga: 0.01-0.2%, aluminum:0.01-0.3%, Nb:0.01-0.8%. 
and the remainder: The major component of Fe, and the manufacture approach of the rare earth 
sintered magnet according to claim 1 or 2 which consists of an unescapable impurity. 
[Claim 4] By weight %, R (R is at least one sort of rare earth elements containing Y, and Nd 
occupied to R is more than 50 atom %):28 - 33%, B:0.8 - 1.5%, Co:0.5-5%. Cu:0.01-0.3%. And the 
remainder : It is the ring magnet which consists of a major component of Fe, and a R-Fe-Co- 
Cu-B system sintered magnet containing an unescapable impurity. The amount of oxygen 
contained unescapable to the total weight of said ring magnet is 0.3% or less. It has polar 
anisotropy and a consistency is more than 7.56 Mg/m3 (g/cm3). X diffraction peak intensity 
[ from the field (105) observed in the magnetic pole period core surface location in a ring outer- 
diameter side ]: — I (105) and X diffraction peak intensity [ from a field (006) ]: — the ring 
magnet with which a ratio with I (006) is characterized by being I( 105)71(006) =0.5-0.8. 
[Claim 5] Said ring magnet is a ring magnet according to claim 4 which is weight % and contains 
Ga:0.01-0.2%, aluminumiO.OI -0.3%, and Nb:0.01-0.8%. 

[Claim 6] By weight %, the major component of R (R is at least one sort of rare earth elements 
containing Y, and Nd occupied to R is more than 50 atom %):28 - 33%, B:0.8 - 1.5%, Co:0.5-5%, 
Cu:0.01-0.3%, and remainderFe, And it is the ring magnet which consists of a R-Fe-Co-Cu-B 
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system sintered magnet containing an unescapable impurity. The amount of oxygen contained 
unescapable to the total weight of said ring magnet is 0.3% or less. It has an parallel anisotropy 
and a consistency is more than 7.56 Mg/m3 (g/cm3). The coercive force iHc of a room 
temperature is more than 1.1 MA/m (14kOe). The amount of preferred orientation which the 
residual magnetic flux density (Br//) of the direction of orientation in a room temperature and 
the residual magnetic flux density (Br**) of the die~length direction perpendicular to the 
direction of orientation define : [(Br//) /(Br//+Br**) x100(%)] Ring magnet characterized by 
being 85.5% or more. 

[Claim 7] Said ring magnet is a ring magnet given in the claim 6 which is weight % and contains 
Ga:0.01-0.2%, aluminum;0.01-0.3%, and Nb:0.01-0.8%. 

[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a hypoxia content, has a high sintered compact 
consistency and relates to the manufacture approach which can obtain the rare earth sintered 
magnet of the high performance which raised the amount of preferred orientation compared with 
the former. Moreover, this invention is a hypoxia content, has a high sintered compact 
consistency and relates to the R-T-B system sintered ring magnet of high performance which 
raised the amount of preferred orientation of the polar-anisotropic direction or an parallel 
anisotropy compared with the former. 
[0002] 

[Description of the Prior Art] A R-Fe-B system sintered magnet (R is at least one sort of the 
rare earth elements containing Y) carries out coarse grinding of the R-Fe-'B system alloy of a 
predetermined presentation, and is manufactured by pulverizing, fabricating impalpable powder 
with a mean particle diameter of 1-10 micrometers obtained among a magnetic field, sintering it 
subsequently, and subsequently, heat-treating it in the inert gas of N2 grade. A residual magnetic 
flux density Br and maximum energy product (BH) Reduction of the amount of content oxygen is 
very important for raising max. For this reason, these people discovered remarkable mineral oil 
and the synthetic oil of an operation which prevent advance of oxidation of said fines, collected 
and slurred said fines in these oils, fabricated this slurry, and proposed the manufacture process 
which can obtain the high performance R-Fe-B system sintered magnet of a hypoxia content 
and a high density mold by deoiling. sintering and heat-treating the Plastic solid subsequently 
acquired (reference, such as patent No. 2731337). This manufacture process is held at the low 
level equivalent to the R-Fe-B system alloy coarse powder before the amount of content 
oxygen of the R-Fe-B system sintered compact which has the description that advance of 
oxidation can be suppressed substantially, deoiled and sintered, and was obtained pulverizing by 
covering said impalpable powder and Plastic solid with said oil, and intercepting with atmospheric 
air. Therefore. R element in a R-Fe-B system sintered compact oxideHzes, reduction of the 
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amount of effective rare earth which dies out substantially and is produced is suppressed small, 
and the rare earth rich phase which forms a grain boundary phase is held healthfully. Since only 
a part with substantial small destruction of the amount of effective rare earth can set up R 
content low, compared with the former, excessive R rich phase and an excessive rare earth 
oxide can be reduced, and since the rate of a volume ratio of the R2Fel4B mold crystal grain 
(the main phase) of a ferromagnetic phase is raised by coincidence, Br and (BH) max improve 
notably. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the needs of a miniaturization and 
lightweight-izing of magnet application products, such as the latest VCM. and CD pickup, a 
motor for household electric appliances, are deep-rooted, and the demand of the formation of 
small size of the rare earth sintered magnet used and high-performance-izing is becoming still 
severer. Even if it applied said manufacture process (reference, such as patent No. 2731337) 
which can obtain the high performance R~Fe~B system sintered magnet of a hypoxia content 
and a high density mold to this demand. Br and (BH) max did not become high, so that this 
invention persons expected. As a result of this invention persons' investigating this phenomenon 
in a detail, the magnetic field stacking tendency of said slurry was not enough, and it turned out 
that it has left the room of amelioration. In view of this problem, this invention persons already 
collect said fines in the oil which comes to blend non-oxidizing quality oils, such as mineral oil, 
nonionic, or an anionic detergent by the predetermined ratio. The obtained slurry has and has a 
good magnetic field stacking tendency, and it fabricates among a magnetic field by this slurry. 
Subsequently, by performing sequential deoiling. sintering, and heat treatment, the knowledge of 
the rare earth sintered magnet which raised Br and (BH) max compared with the former being 
obtained was carried out, and it applied for the manufacture approach (application for patent No. 
1 96345 [ 2000 to ]). 

[0004] this invention persons were except nonionic or an anionic detergent, and as a result of 
inquiring wholeheartedly in quest of the slurry modifier which can acquire effectiveness similar to 
them, they discovered that the below-mentioned lubricant was suitable as a slurry modifier. 
Thus, the technical problem which this invention tends to solve is a hypoxia content, and is 
offering the manufacture approach which can obtain the rare earth sintered magnet of the high 
performance which has a high sintered compact consistency and raised the amount of preferred 
orientation compared with the former. Moreover, the technical problem of this invention is a 
hypoxia content, and is offering the R-T-B system sintered ring magnet of high performance 
which has a high sintered compact consistency and raised the amount of preferred orientation of 
the polar-anisotropic direction or an parallel anisotropy compared with the former. 
[0005] 

[Means for Solving the Problem] The manufacture approach of the rare earth sintered magnet of 
this invention which solved the above-mentioned technical problern At least one sort of oils 
which pulverize the alloy coarse powder for rare earth sintered magnets in mean particle 
diameter of 1-10 micrometers in a non-oxidizing atmosphere, and are chosen from mineral oil, 
synthetic oil. and vegetable oil in the obtained fines, Collect in the non-oxidizing quality oil which 
consists of lubricant which consists of at least one sort chosen from from among the 
monohydric alcohol ester of a fatty acid, the monohydric alcohol ester of polybasic acid, the 
fatty acid ester of polyhydric alcohol, and those derivatives, and a slurry is produced. 
Subsequently, it is characterized by fabricating by said slurry, deoiling the acquired Plastic solid, 
sintering subsequently, and heat-treating. 

[0006] Moreover, the ring magnet of this invention is weight %. and is R (R is at least one sort of 
the rare earth elements containing Y). Nd occupied to R is more than 50 atom % — :28-33%. 
B:0.8 - 1.5%, Co:0.5-5%. and Cu: — 0.01 to 0.3% And the remainder : It is the ring magnet which 
consists of a major component of Fe. and a R-Fe-Co-Cu-B system sintered magnet containing 
an unescapable impurity. The amount of oxygen contained unescapable to the total weight of 
said ring magnet is 0.3% or less. It has polar anisotropy and a consistency is more than 7.56 
Mg/m3 (g/cm3). X diffraction peak intensity [ from the field (105) observed in the magnetic pole 
period core surface location in a ring outer-diameter side ]: — I (105) and X diffraction peak 
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intensity [ from a field (006) ]: — a ratio with I (006) is characterized by being I(105)/I(006) =0.5- 
0.8. Said ring magnet has measured the ratio of X diffraction peak intensity:! (105) from the field 
by the X diffraction (105) which used CuKalphal line (lambda= 0.15405nm) for X line source, and 
X diffraction peak intensity:! (006) from a field (006), and can obtain high Br and high (BH) max 
compared with the former at the time of I(105)/I(006) =0.5-0.8. 

[0007] Moreover, the ring magnet of this invention is weight %. and is R (R is at least one sort of 
the rare earth elements containing Y). Nd occupied to R is more than 50 atom % — :28-33%. 
B:0.8 - 1.5%, and Co: — the major component of 0.5 - 5%, Cu:0.01-0.3%, and remainderFe — And 
it is the ring magnet which consists of a R-Fe-Co-Cu-B system sintered magnet containing an 
unescapable impurity. The amount of oxygen contained unescapable to the total weight of said 
ring magnet is 0.3% or less. It has an parallel anisotropy and a consistency is more than 7.56 
Mg/m3 (g/cm3). The coercive force iHc of a room temperature is more than 1.1 MA/m (14kOe). 
The amount of preferred orientation which the residual magnetic flux density (Br//) of the 
direction of orientation in a room temperature and the residual magnetic flux density (Br**) of 
the die-length direction perpendicular to the direction of orientation define : [(Br//) / 
(Br//+Br**) x100(%)] !t is characterized by being 85.5% or more. 
[0008] 

[Embodiment of the Invention] this invention persons examined the organic chemistry matter 

which consists of polar groups, such as -OH which a bias is in the lipophilic group which consists 

of a hydrocarbon chain (CnHm), and charge distribution of a chemical bond as lubricant for 

reforming of said slurry, and has an electric polarity, -COOH, -COO-, and >NH2. !f R-Pe-B 

system alloy fines are collected and slurred in the liquid which comes to blend mineral oil, 

synthetic oil or vegetable oil, and said lubricant at the rate of a Sadashige Tokoro quantitative 

ratio, the polar group of said lubricant will stick to said fines particle, and the lipophilic group of 

said lubricant will play the role of a protective coat. Although the source of the adsorption power 

is the electric attraction of a polar group, depending on the case, it may react with the 

configuration element of a R-Pe-B system alloy fines particle, and it may be chemisorbed. For 

this reason, it turned out that the number of admolecules per unit area to the strength 

[ particle / said / lubricant and / fines ] of adsorption and said fines particle front face changes 

with the classes of polar group, and the amount of carbon residue after the sintering process 

following a deoiling process and it changes notably. Moreover, even if it had the same polar 

group, when the carbon number of a lipophilic group increased, the molecular weight of lubricant 

itself became large, volatility became low, and the phenomenon which the amount of carbon 

residue increases was seen. In this way, this invention persons examined lubricant suitable for 

second solving the above-mentioned technical problem in the first place paying attention to the 

relation between the class of the relation between the class of a polar group and lipophilic group, 

and a R-Pe-B system sintered compact carbon content, a polar group, and lipophilic group, and 

magnetic properties in the detail. Consequently, the increment in a sintered compact content 

carbon content was suppressed very small, and the lubricant of the basic structure expression of 

[-izing 1] with which high iHc can be obtained and the suitable high Plastic solid reinforcement 

for mass production is obtained was discovered. In [-izing 1], R1 and RT are hydrocarbon 

groups. 

[0009] 

[Formula 1] 
O Ri' 

I 

Rl- C = O 

[0010] The polar group of the suitable lubricant for this invention is restricted to COO (ester 
bond), and the carbon number of a lipophilic group has desirable five or more piece 20 or less 
lubricant. A COO radical does not have one piece in 1 molecule of lubricant, and may be included 
two or more pieces here, moreover, the hydrocarbon chain (CnHm) of a lipophilic group — two or 
more pieces — containing — **** (m and n are positive integers) — the carbon number in one 
lipophilic group has five or more desirable pieces [ 20 or less ]. It is difficult not to obtain 
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lubricity with the carbon content sufficient by less than five pieces in a lipophilic group, but to 
improve magnetic properties. Moreover, the carbon content in a lipophilic group becomes 
excessive [ the molecular weight of lubricant ] in 20-piece **. the boiling point goes up, volatility 
falls, and the amount of carbon residue causes the fall of iHc in super-** 0.1% of the weight. Or 
lubrication will become superfluous and Plastic solid reinforcement will be reduced. Any of 
saturation and partial saturation are sufficient as the hydrocarbon of a lipophilic group. 
Specifically, the lubricant used for this invention is at least one sort chosen from from among 
the monohydric alcohol ester of a fatty acid, the monohydric alcohol ester of polybasic acid, the 
fatty acid ester of polyhydric alcohol, and those derivatives. The addition of lubricant is 
expressed with a ratio with R-Fe-B system alloy fines. As for the rate of a compounding ratio, it 
is desirable to consider as the :(R-Fe-B system alloy fines) (lubricant) =99.99-99.5 weight 
section:0.01 - 0.5 weight section, and its 99.99-99.7 weight sectioniO.OI - 0.3 weight section is 
more desirable. If the addition effectiveness is not acquired under in said range but the addition 
of lubricant exceeds said range. Plastic solid reinforcement and iHc will fall notably. In addition, 
since R-Fe-B system alloy fines and lubricant distribute good in a slurry and its magnetic field 
stacking tendency of a slurry improves while especially the combination weight ratio of said oil to 
R-Fe-B system alloy fines and lubricant is not limited but can cover everywhere a R-Fe-B 
system alloy fines front face, it is desirable. You may add to the R-Fe-B system alloy coarse 
powder before pulverizing, and it is the addition stage of lubricant at the slurry production time, 
and it may be added. 

[001 1] The following of the thing applicable as lubricant is carried out. For example, with the 
monohydric-alcohol ester of a fatty acid, there is methyl caprate, methyl myristate. methyl 
laurate, methyl stearate, OIREN acid methyl, or a thing that butyl, the propyl group, and the 
ethylhexyl radical attach instead of the methyl group of these ester. Moreover, with the 
monohydric-alcohol ester of polybasic acid, there are adipic-acid dioleoyi, diisodecyl adipate, 
diisobutyl adipate, phthalic acid ditridecyi ester, phthalic-acid 2-ethylhexyl. phthalic acid 
diisononyl ester, didecyl phthalate, phthalic-acid dialkyi, etc. Moreover, there is sorbitan trioleate 
etc. in the fatty acid of polyhydric alcohol, and its derivative. Although the direction of the 
monohydric-alcohol ester of a fatty acid or the monohydric-alcohol ester of polybasic acid is 
[ some ], it is easy to raise a magnetic stacking tendency rather than the fatty acid of polyhydric 
alcohol, and the thing of the derivative. 

[0012] When the rare earth sintered magnet by this invention makes the main phase an R2Fe14B 
intermetallic compound (R is at least one sort of the rare earth elements containing Y, and Nd 
occupied to R is more than 50 atom %), it is weight % about a major component presentation. 
R:28 - 33% . B:0.8 - 1.5% M 1:0 - 0.6% (Ml is at least one sort chosen from Nb, Mo, W. V, Ta, Cr, 
Ti, Zr, and Hf), It is desirable to carry out to M2:0-0.6% (at least one sort as which M2 is chosen 
from aluminum, Ga, and Cu). and Remainder Fe (however, when it to consider as 
R+B+Fe+M1+M2=100 % of the weight). Hereafter, only describing it as % shall mean weight %. 28 - 
33% of the amount of R is desirable. Since good corrosion resistance is provided, 28 - 32% of the 
amount of R is more desirable, and is desirable. [ especially 28 - 31% of ] The amount of R 
cannot obtain predetermined iHc at less than 28%, but Br decreases remarkably by ** 33%. In 
order to obtain predetermined Br and the predetermined amount of preferred orientation, as for 
R. it is desirable to consist of Nd, Nd and Dy or Nd, Dy and Pr, and an unescapable R component. 
That is. it is desirable to carry ogt Nd occupied to R to more than 50 atom %, and to make Dy 
content 0.3 - 10%. Moreover, it is more desirable to carry out Nd occupied to R to more than 90 
atom %, and to make Dy content 0.5 - 8%. The use of Nd with resource tops abundant [ Nd 
occupied to R ] at under 50 atom % is restricted, and practicality falls. At lisss than 0.3%, the 
content effectiveness of Dy is not acquired for Dy content, by **, Br falls 10% and the 
predetermined amount of preferred orientation cannot be obtained. 0.8 - 1.5% of the amount of B 
is desirable, and is more desirable. [ 0.85 - 1.2% of] It is difficult for the amount of B to obtain 
iHc more than 1.1 MA/m (14kOe) at less than 0.8%, and Br falls [ the amount of B ] remarkably 
by ** 1.5%. It is desirable in order that containing the refractory metal element Ml which 
consists of at least one sort t>f Nb, Mo, W, V, Ta, Cr, Ti. Zr, and Hf 0.01 to 0.6% may raise 
magnetic properties. By containing Ml 0.01 to 0.6%. too much grain growth of the main phase 



file://C:\Documents and Settings\austinm\My Documents\JEDEn\JP-A-2002- 1 64238.... 1 1/1 5/2006 



JP-A-2002- 164238 Page 7 of 18 

crystal grain in a sintering process is controlled, it is stabilized and iHc more than 1.1 MA/m 
(14kOe) can be obtained. However, if M1 is super-contained 0.6%, normal grain growth of the 
main phase crystal grain will be checked conversely, and the fall of Br will be caused. Moreover, 
the effectiveness that Ml content improves magnetic properties at less than 0.01% is not 
acquired. 0.01 - 0.6% of the content of M2 element (at least one sort of aluminum. Ga, and Cu) is 
desirable. Although iHc improves by content of aluminum and corrosion resistance is improved, 
the effectiveness that Br falls greatly by ** 0.6%, and aluminum content raises iHc and corrosion 
resistance at less than 0.01% is not acquired. More desirable aluminum content is 0.05 - 0.3%. 
Although iHc improves notably by content of Ga, the effectiveness that Br falls greatly by ** 
0.6%. and Ga content raises iHc at less than 0.01% is not acquired. More desirable Ga content is 
0.05 - 0.2%. Although minute amount addition of Cu contributes to a corrosion resistance 
improvement and improvement in iHc, the effectiveness that Br falls greatly by ** 0.3%, and Cu 
content raises corrosion resistance and iHc at less than 0.01% is not acquired. More desirable Cu 
content is 0.05 - 0.3%. Although corrosion resistance is improved by content of Co. the Curie 
point goes up and the thermal resistance of a rare earth sintered magnet improves, a Fe-Co 
phase with Co content harmful to magnetic properties in 5% ** is formed, or R2 (Fe, Co) 14 B 
phase is formed, and Br and iHc fall greatly. Therefore, 5% or less of Co content is desirable. On 
the other hand, at less than 0.5%, the improvement effectiveness corrosion resistance 
[ content / Co ] and heat-resistant is not acquired. Therefore, 0.5 - 5% of Co content is 
desirable. When 0.5 - 5% and Cu are contained for Co 0.01 to 0.3%. the effectiveness that the 
allowable temperature of the second heat treatment which can obtain iHc of the room 
temperature more than 1.1 MA/m (14kOe) spreads can be acquired, and it is especially desirable. 
If aluminum is made to contain 0.01 to 0.3%, while contributing to the improvement in coercive 
force, it is possible to reduce fluctuation of the coercive force by dispersion in heat treatment 
temperature. Moreover, if Nb is made to contain 0.01 to 0.08%, the grain growth in a sintering 
process can be controlled and formation of a big and rough grain can be controlled. 0.3% or less 
of the amount of oxygen contained impossibly is desirable, is more desirable, and is desirable. 
[ especially 0.18% or less of ] [ 0.2% or less of ] A sintered compact consistency can be raised to 
abbreviation theoretical density by reducing an oxygen content to 0.3% or less, if the sintered 
compact consistency more than 7.56 Mg/m3 (g/cm3) is stabilized and obtained in the case of 
the R--Fe-B system sintered magnet which makes the main phase an R2Fe14B mold intermetallic 
compound and a major component presentation, pulverizing mean particle diameter, sintering 
temperature, etc. are chosen further suitably — more than 7.58 Mg/ m3 (g/cm3) — further — 
the thing more than 7.59 Mg/m3 (g/cm3) can be obtained. Moreover. 0.10% or less of the carbon 
content contained impossibly is desirable, and is more desirable. [ 0.07% or less of ] Generation 
of rare earth carbide is suppressed by reduction of a carbon content, the amount of effective 
rare earth increases, and iHc, (BH) max, etc. can be raised. Moreover, 0.15% of the nitrogen 
volume contained impossibly is desirable. If nitrogen volume exceeds 0.15%, Br will fall greatly. 
Although well-known surface treatment coats (nickel plating etc.) are covered by the magnet of 
this invention and practical use is presented, the amount of R is 28 - 32%. and since good 
corrosion resistance is given when nitrogen volume is 0.002 - 0.15%, it is more desirable. 
Moreover, when the magnet of this invention is produced using what was produced by the 
reduction diffusion method which uses calcium as a reducing agent as a raw material alloy, in 
order to obtain predetermined iHc and the predetermined amount of preferred orientation, it is 
desirable to stop calcium content to 0.1 or less (for 0 not to be included) % of the weight, using 
total weight of said magnet as 100 % of the weight, and it is more desirable to stop to 0.03 or 
less (for 0 not to be included) % of the weight. 

[0013] What makes the main phase SmCo5 or Sm2TM17 (TM consists of Co, Fe, Cu, and M'. and 
M' is at least one sort chosen from Zr, Hf, Ti, and V) is included by the rare earth sintered 
magnet by this invention. 

[0014] Pulverizing of the raw material alloy in the manufacture approach of the rare earth 
sintered magnet of this invention can be performed using wet-grinding equipments, such as a 
wet ball mill set as the conditions which can prevent the dry grinding equipment or oxidization by 
the jet mill which uses inert gas as tumbling media. For example, under 0.1 volume %, an oxygen 
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density collects and slurs direct fines out of said inert gas ambient atmosphere in the non- 
oxidizing quality liquid which consists of at least one sort of oils chosen from the mineral oil. 
synthetic oil. and vegetable oil of the rate of a predetermined compounding ratio, and lubricant 
so that atmospheric air cannot be more preferably touched after jet mill pulverizing in the inert 
gas ambient atmosphere below 0.01 volume %. The mean particle diameter of said fines has 
desirable 1-10 micrometers, and its 3-6 micrometers are more desirable. By less than 1 
micrometer, the efficiency of comminution of fines falls [ mean particle diameter ] greatly, and 
iHc and the amount of preferred orientation fall greatly in 1 0-micrometer **. It fabricates among 
a magnetic field with predetermined shaping equipment by using the collected slurry as a shaping 
raw material. In order to prevent degradation of the magnetic properties by oxidation of a Plastic 
solid, it is desirable to save in said liquid from immediately after shaping to deoiling. If the 
temperature up of the Plastic solid is rapidly carried out from ordinary temperature to sintering 
temperature, the internal temperature of a Plastic solid rises rapidly, the oil which remains to a 
Plastic solid, and the rare earth elements which constitute a Plastic solid will react, rare earth 
carbide will be generated, and magnetic properties will deteriorate. It is desirable to perform 
deoiling processing heated more than for 30 minutes with the temperature of 100-500 degrees C 
and below the degree of vacuum of IS.SPa (10-1Torr) as this cure. The oil which remains to a 
Plastic solid by deoiling processing is fully removed. In addition, as long as it is 100-500 degrees 
C, whenever [ stoving temperature / of deoiling processing ] does not need to be one point, and 
may be two or more points. Moreover, deoiling is efficiently performed also by performing deoiling 
processing which makes the following hereafter the programming rate from a room temperature 
to 500 degrees C by 5-degree-C/more preferably by 10-degree-C/below by 13.3Pa (10-1Torr). 
[0015] A thing 350 degrees C or less has a point to the good point of deoiling and a moldability 
distillling fractionally as a pulp oil. synthetic oil, or vegetable oil. Moreover, the thing of 10 or less 
cSts has the good kinematic viscosity of a room temperature, and the thing of 5 or less cSts is 
still more desirable. 
[0016] 

[Example] Hereafter, this invention is not limited by these examples although an example 
explains this invention. 

(Example 1) weight % — Nd:23.1%. Pr:6.4%, and Dy: — 1.0%. B:0.9%, Co:2.0%, Ga:0.1%, Cu:0.1%, and 
remainderFe from — the becoming R-Fe-B system alloy coarse powder Jet mill pulverizing is 
carried out in the nitrogen-gas-atmosphere mind which the oxygen density adjusted to 10 ppm 
or less by the volume ratio. Fines with a mean particle diameter of 4.0 micrometers obtained 
were collected and slurred in mineral oil (the Idemitsu Kosan make, trade nameildemitsu super 
sol PA-30X without touching atmospheric air in this nitrogen-gas-atmosphere mind. In addition, 
mean particle diameter was measured with the laser diffraction mold particle-size-distribution 
measuring device (trade name: HEROSU Rhodes) made from Sympatec. Subsequently, the 
methyl oleate of the specified quantity was added to the obtained slurry, and it mixed with the 
agitator, the combination items of a slurry — said fines: -■ — it considered as 70 weight sections, 
the mineral oil:29.9 weight section, and the methyl oleate:0.10 weight section. This slurry is 
injected into a predetermined metal mold cavity, and they are orientation magnetic-field- 
strength:1.0 MA/m (13kOe) and compacting pressure. : Compression molding of a horizontal 
magnetic field was performed on condition that 98MPa (1.0 ton/cm2), and the Plastic solid of the 
shape of a 15mmx25mmx10mm rectangular parallelepiped was acquired. Moreover, the direction 
of orientation was made into the direction of 10mm [ about ]. The room temperature 
reinforcement of this Plastic solid was measured by the three-point bending test. In addition, it 
set to the fixture of a bending tester so that the 15mmx25mm field of a Plastic solid might turn 
into a vertical side, and it pressurized in parallel with the 10mm side, and three-point flexural 
strength was measured. A result is shown in Table 1. Moreover, on the degree of vacuum of 
about 66.5Pa (5x10-1Torr), and 200-degree C conditions, another Plastic solid fabricated 
similarly was heated for 3 hours, and was deoiled, and. subsequently the temperature up was 
carried out to 1050 degrees C in this ambient atmosphere, and subsequently, at 1050 degrees C, 
it held for 2 hours, sintered and cooled to the room temperature after that. The first heat 
treatment which heats the obtained sintered compact at 900 degrees C in argon atmosphere for 



file://C:\Documents and Settings\austinm\My Documents\JPOEn\JP-A-2002-l 64238.... 1 1/1 5/2006 



JP-A-2002-164238 



Page 9 of 1 8 



2 hours, and subsequently quenches it to a room temperature was performed, continuously, it 
heated at 480 degrees C in argon atmosphere for 1 hour, and the second heat treatment 
subsequently cooled to a room temperature was performed, and the R~Fe~B system sintered 
magnet of about 10mm angle was obtained. The obtained sintered magnet was processed into 
7mm angle, and it considered as the magnetic-properties test sample. Next, in the room 
temperature (20 degrees C), the pulse magnetic field of 1 1.9 MA/m (ISOkOe) was impressed 
along the anisotropy grant direction of said sample, and magnetic properties were measured. 
Magnetic properties calculated the maximum (4pilmax) of the intensity of magnetization when 
impressing the pulse magnetic field of 1 1.9 MA/m, and defined and evaluated the amount of 
preferred orientation by (Br / 4pilmax). A result is shown in Table 1 . Moreover, the analysis value 
of the content carbon content of the obtained sintered magnet is shown in Table 1 . 
(Examples 2-4) Three sorts each of slurries were produced like the example 1 except having 
added respectively methyl stearate. diisodecyl adipate, and stearin acid 2-ethylhexyl instead of 
methyl oleate. Each R-Fe-B system sintered magnet was produced and evaluated like the 
example 1 except having used this slurry after that. A result is shown in Table 1 . 
(Example 1 of a comparison) The slurry which consists of the R-Fe-B system fines and mineral 
oil of an example 1 was produced without adding methyl oleate. and the R-Fe-B system sintered 
magnet was produced and evaluated like the example 1 except having used this slurry after that. 
A result is shown in Table 1. 

(Example 2 of a comparison) It changed to methyl oleate. and the same procedure as an example 
1 produced and estimated the R-Fe-B system sintered magnet to the slurry of an example 1 
except having carried out 0.1 weight section addition of the oleyl alcohol. A result is shown in 
Table 1. 

(Example 3 of a comparison) It changed to methyl oleate. and the same procedure as an example 
1 produced and estimated the R-Fe-B system sintered magnet to the slurry of an example 1 
except having carried out 0.1 weight section addition of the oleyl amine. A result is shown in 
Table 1. 

(Example 4 of a comparison) It changed to methyl oleate. and the same procedure as an example 
1 produced and estimated the R-Fe-B system sintered magnet to the slurry of an example 1 
except having carried out 0.1 weight section addition of the methyl acetate. A result is shown in 
Table 1. 

(Example 5 of a comparison) It changed to methyl oleate. and the same procedure as an example 
1 produced and estimated the R-Fe-B system sintered magnet to the slurry of an example 1 
except having carried out 0.1 weight section addition of the behenic acid methyl. A result is 
shown in Table 1. 

[0017] Although the Plastic solid reinforcement of an example 1 was a little low compared with 
the example 1 (lubricant additive-free) of a comparison, it was proved that it was the level which 
does not generate a problem at all on industrial production. A lipophilic group is the same (17 
carbon numbers) respectively, and, as for the methyl oleate of an example 1, the oleyl alcohol of 
the example 2 of a comparison, and the oleyl amine of the example 3 of a comparison, only polar 
groups differ (they are -COO- -OH, and >NH2 to order). It turns out that it depends for Plastic 
solid reinforcement on the class of polar group of lubricant so that clearly from an example 1 and 
the examples 2 and 3 of a comparison. Moreover, although the amount of preferred orientation 
(Br/4pilmax) of magnetic properties is all comparable in an example 1 and the examples 2 and 3 
of a comparison, compared with an example 1. iHc of the examples 2 and 3 of a comparison is 
falling. If based on the example 1 of a comparison, a sintered compact carbon content increases 
by the residual of the added lubricant, and since extent to which iHc falls differs, a sintered 
compact carbon content will also be Judged to be dependent on the class of polar group. 
Moreover, the examples 4 and 5 of a comparison make the polar group of lubricant -GOO-, and 
change the carbon number of the hydrocarbon chain in a lipophilic group. Since the improvement 
of the amount of preferred orientation (Br/4pilmax) is not accepted from the result of the 
example 4 of a comparison when a hydrocarbon chain is short, it is Judged that it has not 
contributed on the lubrication disposition between said fines. On the other hand, although the 
amount of preferred orientation (Br/4pilmax) is seen from the example 5 of a comparison when a 
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hydrocarbon chain is long, a sintered compact carbon content increases and it turns out that the 
fail of iHc is large. 
[0018] 
[Table 1] 
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[0019] The R-T-B system sintered ring magnet which has polar anisotropy is produced to below, 
and the evaluated example is explained to it. 

A major component presentation by weight % Nd:23.1%, Pr:6.4%, Dy:1.0%, B:1.05%, (Example 5) An 
oxygen density carries out jet mill grinding of the R-Fe-B system raw material alloy coarse 
powder (320-mesh undershirt) which consists of Ga:0.08%, Nb:0.2%, aluminum:0.05%, Cu:0.13%. 
Co:2.0%, and the remainder Fe in less than (volume ratio) 1 ppm nitrogen-gas-atmosphere mind. 
The slurry was produced like the example 1 except having used fines with a mean particle 
diameter of 3.8 micrometers obtained. After filling up the cavity 59 of the making machine which 
shows the obtained slurry to drawi ng 1 , it fabricated among the magnetic field so that 
compacting pressure:78.4MPa (0.8 ton/cm2) and the pulse magnetic field of 100V might make 
polar-anisotropic, and the Plastic solid was acquired. The Plastic solid was heated for 1 hour on 
the conditions whose degree of vacuums are about 66.5Pa (5xlO-1Torr) and 200 degrees C, 
after deoiling. it cooled to the after [ 2 hour sintering ] room temperature continuously on about 
4.0x10 to 3 Pa (3x10-5TorrX and 1060-degree C conditions, and the sintered compact was 
obtained. Next, heat treatment which cools to 550 degrees C after 1-hour heating at 900 
degrees C in argon atmosphere, and is subsequently further cooled to a room temperature after 
2-hour heating at 550 degrees C was performed. Next, the epoxy resin film of 12 micrometers of 
average thickness was coated according to electrodeposition after processing a predetermined 
dimension, and the polar-anisotropic ring which has the polar anisotropy of eight poles with the 
outer diameter of 48mm, a bore [ of 30mm ], and a height of 1 1mm was obtained. Next, the 
sample for X diffractions was started so that the magnetic pole period center section in the 
outer-diameter side of the above-mentioned polar-anisotropic ring could be measured, the 
sample was set in the X-ray diffractometer made from Physical science Electrical and electric 
equipment (RU-200BH), and the X diffraction was carried out by the 2 theta-theta scanning 
method. To X line source, the software built in equipment removed the noise (background) using 
CuKalphal line (lambda= 0.15405nm). It was the 2theta=29.08 degree field (004) of the R2T14B 
mold intermetallic compound which is the main phase, a 38.06 degrees field (105), and a 44.34- 
degree field (006), and the main diffraction peaks made 100% X diffraction peak intensity:! (006) 
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from a field (006), and were 1 (004) / 1(006) = 0.33. and 1 (105) / 1(006) = 0.63. A result is shown 
in Table 2. 

(Example 6 of a comparison) It changed to the slurry of an example 5 and the polar-anisotropic 
ring of the example of a comparison was produced like the example 5 except having fabricated 
among the magnetic field in the polar-anisotropic direction by the slurry of the example 1 of a 
comparison. The X diffraction of the polar-anisotropic ring of the example 6 of a comparison as 
well as an example 5 was performed henceforth. A result is shown in Table 2. Although the main 
diffraction peaks were the same as an example 5, it was I (004) / 1(006) = 0.32, and I (105) / I 
(006) = 0.96. Moreover, the amount of oxygen of said polar-anisotropic ring was 0.13 % of the 
weight, the carbon content was 0.05 % of the weight, and nitrogen volume was 0.003 % of the 
weight. 
[0020] 
[Table 2] 
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[0021] According to this invention, from the result of the example 5 of Table 4, and the example 
6 of a comparison, it has polar anisotropy. The ratio of X diffraction peak intensity:! (105) from a 
field (105) and X diffraction peak intensity:! (006) from a field (006) which a consistency is more 
than 7.56 Mg/m3 (g/cm3), and were observed in the magnetic pole period core surface location 
in a ring outer-diameter side It turns out that the polar-anisotropic ring which is !(105)/I(006) 
=0.5-0.8 can be offered. 

[0022] The whole produces to below the R-T-B system sintered ring magnet which carried out 
orientation to the one direction to the axial perpendicular direction (it is henceforth called an 
parallel anisotropy), and explains the evaluated example to it. 

(Example 6) The slurry was produced like the example 1. compacting pressure:78.4MPa (0.8 
ton/cm2) and an axial perpendicular direction after filling up the cavity 59 (the bore of dices 51 
and 52:mm [ 60 ], outer-diameter:45mm [ of a core 53 ], die-length;34mm [ of the dice 
ferromagnetism section 51 ], restoration depth:34mm) of the making machine which shows the 
obtained slurry to drawing 1 — an one direction — magnetic-field-strength: — it fabricated on 
the conditions to which about 238.7 kA/m (3kOe) was applied among the magnetic field, and the 
Plastic solid was acquired. The parallel anisotropy ring which has an parallel anisotropy like an 
example 5 was obtained henceforth. Next, as shown in drawing 2 , it started along the direction 
of orientation of said produced parallel anisotropy ring 70, and the rectangular parallelepiped of 
the 2.8mm of the directions of the diameter of 6.5mm [ of the 5mm x die-length directions of 
tangential directions ] x was obtained. Drawing 2 (b) explains the logging point of a rectangular 
parallelepiped. A straight line OPQ is drawn from the central point O of the parallel anisotropy 
ring 70 at right angles to the direction of orientation to radial. Point P is a contact with inner 
skin, and Point Q is a contact with a peripheral face. Next, the tangent RPS in Contact P is 
drawn and it is made for the die length of Tangent RPS to be set to 5mm focusing on Contact P. 
Next, a straight line RT (die length of 2.8mm) and a straight line SU (die length of 2.8mm) are 
drawn at right angles to Tangent RPS. Next, a straight line TU (die length of 5mm) is drawn in 
parallel with Tangent RPS. The direction of RPS and the TU direction in a rectangle RSUT are a 
tangential direction of the parallel anisotropy ring 70, and the direction of RT and the SU 
direction are defined as the direction of orientation of the parallel anisotropy ring 70. Moreover, 
the thickness direction of a rectangle RSUT is the die-length direction of the parallel anisotropy 
ring 70, and started in die length of 6.5mm. After starting a total of four rectangular 
parallelepipeds by this logging point, each of those directions were made in agreement and the 
rectangular parallelepiped stuck and united was obtained. The following magnetic properties were 
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measured by this rectangular parallelepiped. In addition, what is necessary is to make each of 
those directions in agreement, to stick and unite, and just to adjust a dimension, after starting 
two or more rectangular parallelepipeds according to the aforementioned logging point except 
that dimensions differ when the rectangular parallelepiped of said dimension cannot be started 
from the parallel anisotropy ring of the measuring object. The residual magnetic flux density 
(Br//), the coercive force iHc. maximum energy product (BH) max. and the remanence ratio 
(Hk/iHc) of the direction of orientation in the room temperature (20 degrees C) of said 
rectangular parallelepiped were measured. Hk is the value of H equivalent to 0.9Br in the 2nd 
quadrant of a 4pil(intensity of magnetization)-H (magnetic field strength) curve, and the 
remanence ratio (Hk/iHc) which **(ed) Hk by iHc shows the rectangle nature of a 4piI-H 
demagnetization curve. Next, it asked for the amount of preferred orientation of the parallel 
anisotropy ring defined by [(Br//) /(Br//+Br**) x100(%)] after measuring the residual magnetic 
flux density (Br**) of the die-length direction in the room temperature (20 degrees C) of said 
rectangular parallelepiped. The consistency of an parallel anisotropy ring was measured again. 
Those measurement results are shown in Table 3. Moreover, the amount of oxygen of said 
parallel anisotropy ring was 0.13 % of the weight, the carbon content was 0.05 % of the weight, 
and nitrogen volume was 0.003 % of the weight. 

(Example 7 of a comparison) It changed to the slurry of an example 5, and the parallel anisotropy 
ring of the example of a comparison was produced and evaluated like the example 5 except 
having fabricated among the magnetic field in the direction of orientation by the slurry of the 
example 1 of a comparison. A result is shown in Table 3. 
[0023] 
[Table 3] 
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[0024] According to this invention, a consistency from the result of the example 6 of Table 3. 
and the example 7 of a comparison Three or more 7.56 g/cm, iHc more than 1.25T (12.5kG) More 
than 1.1 MA/m (14.0kOe) [ Br// in the direction of orientation ] (BH) It turns out that max can 
offer the parallel anisotropy ring which has the high magnetic properties of [ (Hk/iHc) ] 85.5% or 
more in the amount of preferred orientation of 87.5% or more and the direction of orientation 
which are not in the former more than 282.6 kJ/m3 (35.5MGOe). 

[0025] The R~T~B system sintering arc segment magnet which has an parallel anisotropy as 
other examples is produced to below, and the evaluated example is explained to it. 
(Example 7) The raw material tank 13 of the slurry feeder 15 of drawing 3 was filled up with the 
slurry produced in the example 1. Next, the slurry supply pipe 6 was dropped in the cylinder 
(illustration abbreviation), and it was made to stop in the location near the base of the cavity 3 
of an arc segment configuration (location near the top face of bottom punch 2). Next, the pump 
10 was operated, the slurry supply pipe 6 was gone up from the raw material tank 13 to the 
upper limit section location of a cavity 3 in the cylinder (illustration abbreviation) with discharge 
from the slurry supply pipe 6 to the cavity 3 through piping 1 1 in the slurry, and the cavity 3 was 
filled up with the slurry of the specified quantity. Subsequently, after raising the slurry supply 
pipe 6 in the cylinder (illustration abbreviation) and drawing out from a cavity 3. the supply head 
9 was moved leftward in the cylinder 4, the pressure of 98MPa(s) (1 ton/cm2) was applied by 
upper punch (illustration abbreviation) and bottom punch 2, horizontal magnetic field 
compression molding was performed, impressing the orientation magnetic field of 1 .0 MA/m 
(13kOe) horizontally subsequently, and the arc segment Plastic solid was acquired. It sintered 
after deoiling a Plastic solid like the example 1, and heat-treated henceforth. Subsequently, it is 
processed until the sintering skin of the obtained sintered magnet material front face is lost, and 
subsequently it comes to coat the epoxy resin film of 1 5 micrometers of average film pressure. 
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thickness T shown in drawing 4 — 1= 2.8mm. die-length L1=80.0mm, and a central angle — the 
R-Fe-B system sintering arc segment magnet 30 of theta1=45 degree thin meat and a long 
configuration was obtained. The curvature of the LI direction of said material before processing 
was less than 1mm, was small, and was good. [ of the amount of preferred orientation 
(Br/4pilmax) of the anisotropy grant direction ] The anisotropy of the arc segment sintered 
magnet 30 is given in the ** direction (it is perpendicularly mostly to space). As a result of 
starting a sample from said arc segment magnet 30 and measuring the magnetic properties of 
the magnetic-anisotropy grant direction at a room temperature (20 degrees C), the high value of 
iHc=1.24 MA/m (15.6kOe) and (BH) max=394.8 kJ/m3 (49.6MGOe) was acquired amount-of- 
preferred-orientation (Br/4pilmax) =96.8%. Moreover, the consistencies were 7.60 Mg/m3 
(g/cmS), and the amount of oxygen was [ 0.05 % of the weight and nitrogen volume of the carbon 
content ] 0.02 % of the weight 0.14% of the weight. Moreover, a sample is set in the X-ray 
diffractometer made from Physical science Electrical and electric equipment (RU~200BH). The 
result which carried out the X diffraction (CuKalphal line; lambda= 0.15405nm is used) by the 2 
theta-theta scanning method. The 2theta=29.08 degree field (004) of the R2T14B mold 
intermetallic compound whose main diffraction peaks are the main phases, a 38.06-degree field 
(105). And it was a 44.34-degree field (006) and was I (105) / 1(006) = 0.66. having used X 
diffraction peak intensity:! (006) from a field (006) as 100%. 

[0026] (Example 8) The sintering arc segment magnet of thin meat and a long configuration 
which has the die length LI of Table 2 and the dimension of thickness T1 and thetal was 
produced like the example 7 except having changed the thickness of a cavity 3, and the fill of a 
slurry. These magnets had the high magnetic properties of iHc=1.23 - 1.25 MA/m (1 5.4-1 5.7kOe) 
and (BH) max=393.2 - 395.6 kJ/m3 (49.4 - 49.7MGOe) amount-of-preferred-orientation 
(Br/4pilmax) =96.4~96.7% of the magnetic-anisotropy grant direction, the consistency was 7.60 
Mg/m3 (g/cm3), and the amount of oxygen was [ 0.06 % of the weight and nitrogen volume of the 
carbon content ] 0.02 - 0.03 % of the weight 0.13 to 0.14% of the weight. Moreover, as a result of 
carrying out an X diffraction like the case of an example 7, it was 1(105)/I(006) =0.67-0.68. 
(Example 8 of a comparison) Although the horizontal magnetic field fabricating method was 
applied like the example 7 except having used the slurry of the example 1 of a comparison as the 
shaping raw material and shaping of the T= 1.0-4.0mm Plastic solid for R-Fe-B system sintering 
arc segment magnets was tried, the crack occurred in the Plastic solid and a healthy Plastic 
solid without a crack was not able to be acquired. 
[0027] 
[Table 4] 
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[0028] The R-T-B system sintering arc segment magnet which has a radial anisotropy is 
produced to below, and the evaluated example is explained to it. 

(Example 9) The inside diameter and radial orientation magnetic field strength (Hap) of the 
Plastic solid for arc segment sintered magnets which have a radial anisotropy were changed, the 
sintering arc segment magnet 40 of drawing 5 which finally has the bore of die-length L2=65mm, 
thickness T2=2.5mm, theta2=40 degree, and Table 3 was produced, and relation with the amount 
of preferred orientation (%) of a bore, Hap, and a radial direction was investigated. Results of an 
investigation are shown in Table 3. In addition, manufacture of this arc segment sintered magnet 
performed sequential deoiling, sintering, heat treatment, processing, and surface treatment like 
the example 7 except having changed the process condition and the Plastic solid dimension. It 
turns out that it has the amount of preferred orientation with a radial direction higher than Table 
3. Moreover, as for those with 87.5% super-**^ and iHc, each arc segment magnet of Table 3 was 
[ the remanence ratio (Hk/iHc) of those with 1.1 MA/m (14kOe) super-** and the amount of 
oxygen ] 0.13 - 0.14 % of the weight, the carbon content was 0.05 - 0.06 % of the weight, and 
nitrogen volume was 0.003 - 0.004 % of the weight. 
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(Example 9 of a comparison) Other than having used the slurry of the example 1 of a comparison 
as the shaping raw material, although shaping of the Plastic solid for sintering arc segment 
magnets which has the same configuration as an example 9 was tried, the Plastic solid crack 
occurred and a sintering arc segment magnet was not able to be produced. 

[0029] 
[Table 5] 
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[0030] Next, the example of a radial ring is explained. 

A major component presentation by weight % Nd:21.4%, Pr:6.0%, Dy:3.1%, B:1.05%, (Example 10) An 
oxygen density carries out jet mill grinding of the R-Fe-B system raw material alloy coarse 
powder (320-mesh undershirt) which consists of Ga:0.08%. Nb:0.2%. aluminum:0.05%, Cu:0.13%, 
Co:2.0%, and the remainder Fe in less than (volume ratio) 1 ppm argon atmosphere. The slurry 
was produced like the example 1 except having used fines with a mean particle diameter of 3.8 
micrometers obtained. Orientation magnetic field strength of the compacting-pressure:78.4MPa 
(0.8 ton/cm2) and a radial direction after filling up the cavity 59 (the bore of dices 51 and 52:mm 
[ 60 ], outer-diameter:45mm [ of a core 53 \ die-length:34mm [ of the dice ferromagnetism 
section 51 ], restoration depth:34mm) of the making machine which shows the obtained slurry to 
drawing 1 : It fabricated on the conditions of about 238.7 kA/m (3kOe) among the radial magnetic 
field, and the Plastic solid was acquired. The Plastic solid was heated for 1 hour on the 
conditions whose degree of vacuums are about 66.5Pa (5x10-1Torr) and 200 degrees C, after 
deoiling, it cooled to the after [ 2 hour sintering ] room temperature continuously on about 
4.0x10 to 3 Pa (3x1 0-5Torr), and 1060-degree C conditions, and the sintered compact was 
obtained. Next, heat treatment which cools to 550 degrees C after 1-hour heating at 900 
degrees C in argon atmosphere, and is subsequently further cooled to a room temperature after 
2-hour heating at 550 degrees C was performed. Next, the epoxy resin film of 12 micrometers of 
average thickness was coated according to electrodeposition after processing a predetermined 
dimension, and the radial ring which has a radial anisotropy with the outer diameter of 48mm, a 
bore [ of 39mm ], and a height of 1 1mm was obtained. Next, as shown in drawing 2 , the 
rectangular parallelepiped of 2.8mm of 6.5mm x radial directions of the 5mm x die-length 
directions of tangential directions was started from the location of the arbitration of said 
produced radial ring 70. D rawing 2 (b) explains the logging point of a rectangular parallelepiped. A 
straight line OPQ is drawn from the central point O of the radial ring 70 to radial. Point P is a 
contact with inner skin, and Point Q is a contact with a peripheral face. Next, the tangent RPS in 
Contact P is drawn and it is made for the die length of Tangent RPS to be set to 5mm focusing 
on Contact P. Next, a straight line RT (die length of 2.8mm) and a straight line SU (die length of 
2.8mm) are drawn at right angles to Tangent RPS. Next, a straight line TU (die length of 5mm) is 
drawn in parallel with Tangent RPS. The direction of RPS and the TU direction in a rectangle 
RSUT are a tangential direction of the radial ring 70. and the direction of RT and the SU 
direction are defined as the radial direction of the radial ring 70. Moreover, the thickness 
direction of a rectangle RSUT is the die~length direction of the radial ring 70, and started in die 
length of 6.5mm. After starting a total of four rectangular parallelepipeds by this logging point, 
each of those directions were made in agreement and the rectangular parallelepiped stuck and 
united was obtained. The following magnetic properties were measured by this rectangular 
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parallelepiped In addition, what is necessary is to make each of those directions in agreement, to 
stick and unite, and just to adjust a dimension, after starting two or more rectangular 
parallelepipeds according to the aforementioned logging point except that dimensions differ when 
the rectangular parallelepiped of said dimension cannot be started from the radial ring of the 
measuring object. The residual magnetic flux density (Br//), the coercive force iHc, maximum 
energy product (BH) max, and the remanence ratio (Hk/iHc) of the radial direction in the room 
temperature (20 degrees C) of said rectangular parallelepiped were measured. Hk is the value of 
H equivalent to 0.9Br in the 2nd quadrant of a 4pil(intensity of magnetization)-H (magnetic field 
strength) curve, and the remanence ratio (Hk/iHc) which **(ed) Hk by iHc shows the rectangle 
nature of a 4piI-H demagnetization curve. Next, it asked for the amount of preferred orientation 
of the radial ring defined by [(Br//) /(Br//+Br**) x100(%)] after measuring the residual magnetic 
flux density (Br**) of the die-length direction in the room temperature (20 degrees C) of said 
rectangular parallelepiped. Moreover, the consistency of a radial ring was measured. Those 
measurement results are shown in Table 4. Moreover, the amount of oxygen of said radial ring 
was 0.13 % of the weight, the carbon content was 0.05 % of the weight, and nitrogen volume was 
0.003 % of the weight. 

(Example 10 of a comparison) It changed to the slurry of an example 10, and the radial ring of the 
example of a comparison was produced and evaluated like the example 10 except having 
fabricated among the radial magnetic field by the slurry of the example 1 of a comparison. A 
result is shown in Table 4. 



[0031] 

[Table 6] 







Br// 


iUc 


(BH)max 


(Hk/iHc) 


SBrRl^ 






(T) 


(MA/m) 


(kJ/m 3) 


(%) 


(%) 




(g/cinO 


(kG) 


(kOe) 


(MGOe) 








7. 61 


1. 30 


1. 43 


318. 4 


96. 4 


89. 9 


1 0 




13, 0 


18. 0 


40. 0 








7. 61 


I. 23 


!. 43 


281. 0 


87. 1 


85. 2 


1 0 




12. 3 


18. 0 


35. 3 







[0032] According to this invention, a consistency from the result of the example 10 of Table 4, 
and the example 10 of a comparison Three or more 7.56 g/cm, Br// in a radial direction More 
than 1.25T (12.5kG) (BH) max more than 1.1 MA/m (14.0kOe) More than 282.6 kJ/m3 
(35.5MGOe) [ iHc ] It turns out that (Hk/iHc) can offer the radial ring which has the high 
magnetic properties of 85.5% or more in the amount of preferred orientation of 87.5% or more and 
a radial direction which are not in the former. 

[0033] (Example 1 1) The inside diameter of the Plastic solid ring which the dices 51 and 52 of 
the making machine of drawing 1 and the dimension of core 53 grade are changed, and has a 
radial anisotropy was changed, and the relation between the bore of Hap when changing radial 
orientation magnetic field strength (Hap) and the radial ring finally obtained and the amount of 
preferred orientation (%) of a radial direction was investigated. Hap falls, so that the bore of the 
Plastic solid ring, i.e., a radial ring, which has a radial anisotropy becomes small, as shown in 
Table 5. 716.2 kA/m (9kOe) of Hap in case the bore of a radial ring is 100mm was upper limits by 
generation of heat of the power source for magnetic field generating, and a coil etc. Except 
having considered as the radial magnetic field process condition which changed the bore of said 
Plastic solid ring, an outer diameter (outer diameter = bore + (8-20mm)X and Hap, sequential 
deoiling, sintering, heat treatment, processing, and surface preparation were performed like the 
example 10, and the radial ring which has the inside diameter shown in Table 5 was produced. 
Any radial ring of Table 5 is known by that the amount of preferred orientation of a radial 
direction is high. Moreover, as for the remanence ratio (Hk/iHc), any radial ring had iHc of those 
with super-**, and 1.1 MA/m (14.0kOe) ** 87.5%, the amount of oxygen was 0.14 - 0.16 % of the 
weight, the carbon content was 0.04 - 0.05 % of the weight, and nitrogen volume was 0.003 - 
0.004 % of the weight. 

(Example 1 1 of a comparison) Except having used the slurry of the example 1 of a comparison as 
the shaping raw material, the radial ring of Table 5 was produced like the example 1 1, and it 
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asked for the amount of preferred orientation of a radial direction. 

[0034] 

[Table 7] 



Hap 
(kA/ffi) 
(kOe) 


(iQm) 


(%) 


1 1 


it«^«sil 1 


7 16. 2 

9 


1 0 0 


9 2. 9 


8 5. 3 


6 3 6. 6 
8 


5 0 


9 2. 7 


8 5. 1 


4 5 3. 6 

5 . 7 


3 0 


9 1.7 


8 5. 0 


2 7 0. 6 
3 . 4 


1 0 


9 0. 1 


8 4. 9 



[0035] According to this invention. Table 5 shows that the high performance radial ring which 

does not have a bore in the fornner 1 00mm or less can be offered. 

[0036] 

[Effect of the Invention] When this invention was caused above as description, it was a hypoxia 
content, and it has a high sintered compact consistency and the manufacture approach which 
can obtain the rare earth sintered magnet of the high performance which raised the amount of 
preferred orientation compared with the former was able to be offered. Moreover, it is a hypoxia 
content and the R~T-~B system sintered ring magnet of the high performance which has a high 
sintered compact consistency and has the polar anisotropy and the parallel anisotropy which 
raised the direction of orientation compared with the former was able to be offered. 

[Translation done.] 
* NOTICES * 

JPG and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the important section sectional view showing other examples of the shaping 
equipment used for this invention. 

[Drawing 2] They are a perspective view (a) explaining the logging point of the sample for 
evaluation of the ring magnet of this invention, and an important section sectional view (b). 
[ Drawing 3] It is the important section sectional view showing an example of the shaping 
equipment used for this invention. 

[ Drawin g 4] It is the perspective view showing an example of the arc segment magnet of this 
invention which has an parallel anisotropy. 

[D raw ing 5] It is the perspective view showing an example of the arc segment magnet of this 
invention which has a radial anisotropy. 
[Description of Notations] 

1 Dice, 2 Bottom Punch, 3 Cavity. 4 Migration Means. 5 A supply head. 6 A slurry supply pipe, 7 
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A plate, 8 Sliding plate, 9 A supply head body. 10 slurry supply means, 11 Piping, 12 Control unit. 
13 A tank, 15 30 A slurry feeder, 40 Arc segment magnet, 51 The dice ferromagnetism section, 
52 The dice nonmagnetic section, 53 A core. 54 Top punch. 55 Bottom punch. 56 An up coil, 57 
A lower coil, 58 A press frame and 59 70 A cavity. 90 Radial ring. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[D rawing 2 ] 

e 1 




[Drawing 3 ] 

6 2 




[Drawing 4] 



file://C:\Documents and Settings\austinm\My Documents\JPOEn\JP-A-2002- 164238.... 1 1/15/2006 



JP-A-2002- 164238 



Page 18 of 18 




[Translation done.] 
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15%^i@x5i:Br:jS:*c#<i6T-r5o 2^|g?^<^a^t-»± 30 
^ R ■:;JS28~32%T'*»og^»;jS0. 002— 

X. W-Vt-k^t LTC a i^a5nltlJi:-r-5jl7ni£i5: 
& J; D f^ii b fc t> <o <Sr ffl I ^ r ^ it® b fc 

±ai:^loofift%i: bTC a^i^ft^o. ia*%Jei,T 
(OSr-^*-f) tc«ix-5Ci:;JS0Sb<. 0.03Ml:%tJL 

[0 0 13] *|geafCj:S^±ISJil^Sa^{C»:±SmCo 40 
s XI±Sm2 TM>7 (TMUCo, Fe, CuRU 
M' i)^hfi:^.M' liZr. Hf. T iRXJ-Vt^hmiSi 

[0014] *^B^(75#±«jilta^cOMig;^)*t-*5ft 

J;i9$f$b<»±0.0lfi(i:a%tiT<D?FS1±;<f^#ia 50 



#gi 2002-164238 
8 

ik-rso B(riB?S!i&«¥^ia@«i~io/im/j5^f*L<, 

3 ~ 6 M mjiiS i $f * bV 1 |i m*iS-efi 

Jl^fl£Wrtg|5iag;65^SS:Jc±#b, fi)tJF$flJ|cBei-5?fit 

0~500'C, K^Sl3.3Pa (10 ' Torr) t;lTT-305J-r^W 

t±ti^< ~j^U±X'h<3XhX^\ *fcl3. 3Pa do"' To 
rr) tAT-C^?fi/ii^?>500'C*-C<O#iaiggESrl0'C/^^ 

T> <J;>?»*b<fi5*C/^lilTi:-fSfljiJa^aSrffii- 

[0 0 15] wimms ^f$.fiiXiim¥i>^ t vx . 

[0 0 16] 

(Mi^m) fift%-C\ N d : 23. 1%, P r : 6. 4%. D 
y : 1. 0%, B : 0. 9%, C o : 2. 0%, G a : 0. IX, C 

—y<—y/upA-3o) tft-iHiitsLb;^^ y— fbbfco /^ds, 

HSy mpa t e c?±® U— y-' - Ih] iff MJKl€l PJ 
a (fSfp^ : --0;=^ • K;^) {cJ;9a!i^b:fco iifcl'^ 

b, Kl^lcifJiS-a-bfco ^^y-t^iE-a-rtlR^mlia 
: 0. lofiftasi: bi^c. y — Sr0r^w^S=^-ir 

l^T-w'IcaAb. : 1. OMA/m (13kOe) , ^ 

ff$ffi:/3 : 98MPa (l. Oton/cm' ) W^#T'#ia^©JESSfife 
ff^^tTV\ 15mm X25mm X 10mm©it:^^*:4^«^?F^fls: 

tr#fc„ iE[Pi:&[pi*ii 0mmi2:&(6]i; bfc, 



9 

^{c: LT^fl^ b/c»J(D^}i^<i|!:SrS^S*^66. 5Pa (5 X 10 
" Torr) , 200'CO*#T'3^rB^*nflftLTflJi?ffiL. 
-Cl^#H^tt'-C1050'CST*#faL. iikV>T*1050"t;-C2^ 

SS^fls:^T-'^=^>'#ffl^<^'-e900'CT♦2NFra*Pf^L. ^fcV^ 

m^^itM-^^nni: L/co (20*0 

*3V^T11.9MA/m (ISOkOe) (?)^<yU;^l^»SrBlfia^^«M 

3t^<7?*;/c{t (4 7tl„. ) IBffilSSr (Br/4 7tl 

) -e^^b. i¥ffiLfCo *S:i:Sr^ 1 fc^-To 

f4Si]!ifi^!i 1 h mmn^mxR- F e - b msfessiK^^ft 
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mmi i:l^«»#|iST'R-F e-B^glS^a^^f^ML 

1 <k I^^W^HiTR - F e -B^m^n^^^m LIfflli 

7 y -|C-<---r:y^^ f-yuSrO. ifi4^?^Jq Lfci^:^»l 
Ilt60ij 1 m^ro^JS-CR - F e - B ^j^i^a^iSrf^M 

[0017] IIJi0!)l(Dfifeff^i$:^a[»iitig5fi»J 1 (fl?t^J 

0ij3»^W/UT§:>H=§-'«riKSSi;5S|^— (;^^^17 
m) Tfc<9, IH4Sfc'(t;45^/.£S (HilC-COO-. - 
OH, >NH2 ) o HJfe^J 1 ^.r/itlS^J 2 . Zt^hWi^c, 

^:^ti)^t>i)^i,. xm^#ttti, mmmiwvcMLm 

2, 3X'\t\'^-rtlhW.^m. (Br/4 7:I-. ) ttl^eST' 
fe-S/i^ IIJS0tJ 1 (Cit-<TW:t!E0iJ 2 . 3«iHc;jS{g;TL 

Ti^-S, ifcKttfiJiiS'S^ifc-t-si:, j^ip Lfciim^Jro^ 

\i^(r>x\ mmu.w^<omm'i^\^±.\ai^^-\.x\^^ti\^^b 

[0 0 18] 

imi] 



(7) 
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11 



12 









Br/4 7tl„. 


(BH)Biax 


iHc 












{%) 


(kJ/m 


(MA/m) 














(MGOe) 


(kOe) 




(MPa) 






17 


96. 5 


395 


1. 23 


0. 067 


0. 81 




m 






49.4 


15. 4 






MM 




17 


96. 2 


391 


1. 23 


0. 067 


0. 81 


2 








49. 1 


15. 4 








7'/ f > 


20 


96. 7 


394 


1. 23 


0. 067 


0. 79 


3 


7 n 






49.5 


15. 5 








Xf7'J> 


25 


96. 4 


392 


!. 22 


0. 068 


0. 79 


4 


K 2-X 






49. 2 


15. 3 


■ 








— 


95. 1 


377 


1. 23 


0. 065 


1. 34 


1 








47. 4 


15. 5 










1 7 


96. 3 


390 


1. 17 


0. 088 


0. 34 


z 








49. 0 


14. 7 










17 


96. 0 


389 


1. 15 


0. 089 


0. 37 


3 


n> 






48. 9 


14. 4 










1 


95. 2 


379 


1, 23 


0. 066 




4 








47. 6 


15. 5 










22 


96. 8 


395 


1. 14 


0. 093 




5 








49. 6 


14. 3 


1 





[0 0 19] iilTJClSm^ttSrW-rS. R-T-B^j^ 

mmms) mm%x\ £^^^>m^;6SNd :23. i%. 

P r : 6. 4%, D y : 1. 0%, B : 1. 05%. G a : 0. 08 

Nb:0. 2%, Al : 0. 05%, C u : 0. 13%. C 
o :2.0%RXfm^F eA^h^j:^R-F e-BJ^m^-B- 

7r^i'fi^mm(D^-r^^y'^59\C^iMm. f^Xt) : 78.4MP 
a(0.8ton/cm^ )RU^1 0 OV(Dy<Jl^y^m^X-UM:^tf^ 

*5]66. 5Pa(5X10 ' Torr), 200°CO^f4^T* 1 B#Ps1*fll^ L 
UfM^k. ^V^T7^^^4. OXIO'"^ Pa (3X10'^ Torr) , 1060 

ji^lC. T^U^' V#H^^ T*900°CT' 1 B^r^lADHft^SSO^CS 

(RU-200BH) 2 0-6 ^^m^ x^x 

mtfrLtZo X|^aglc:(iCuKa 1^ (;i=0.15405n 
m) ?rffll/\ y>fX iy<y^ ^'y^yh^ tt^Si(^l^i@c 

fc5R2 T,4 Bm^mmit^^(D^ 2 0=29.08° (D 
(004) B> 38.06° ^7)(105)B^ 44.34° (7D(006)ffiT*fc 50 



(006)B;6^bcOX^(H|jFft:-— : I (006) $r 100% 
tLX. I (004)71(006) =0.33, I(105)/I (006) =0. 63-C 

tmmXhotci>\ I(004)/I(006)=0.32. 1(10 

5)/i(oo6)=o.96T*fcoyc:o Xmmm^:)jD>vm 

mm. i3a»%r*fo ^ . i^m&iiio, 05Ma:%T*fo ^ , 
mtm. oo3fi»%T*&ofco 

[0 0 2 0] 
[«2] 



mmm 

5 



Jttt«l 
6 



(Mg/m») 
(g/cm*) 



7. 59 



7. 59 



Bo 

(T) 

(kG) 



5. 80 
58. 0 



5. 48 
54.8 



1(105)/ 
1 (006) 



0. 63 



0. 96 



mm 



[00 2 11 mi4<DmMm5Rxfitmm6(D^^M^'o. 

SffifiBt-MfflLfc (105) ffi;6^bcDX^|l]ilft°-^3S 
I (105) t (006) ffi;6»e>©Xjg[H]Jfff-i5'^^ : 
I (006) t<Ditm:^^. I (105) / I (006) =0.5~0.8 

(0 0 2 21 £iT\c±m^^mm:^\^^-:^f^^^ui[^i' 

fc (am, ¥tfS^tti:V^9) , R-T-B^j^i^y 



(8) 



13 



eOram, 3T53<0^^ : 45iii 
34iiim^ : 34inin)(Cl 



mmm e ) mmm 1 1 

^ff^ffi:^ : 78. 4MPa(0.8ton/cm' )&CKttSii::& 
[pl^— :&lR]lC:flS^3fil£ : *^238. 7kA/in(3kOe) 5rAMtfc^ 

mL,s^R^<::o^,^Tttla2 (b) ic^'omm-r^o 

5J;p«c-r-5„ ^ii^. itaRPS{;isa:(cii:^RT (ft$2.8 

mm) 2iO«il:^SU (ft $2. 8mm) Sr^Ko ^i^RPS^Cl 

RPs;^[B]SLmu;^^|6I^55^z^T^;^^^l; >-^70«^^:fe-|R]T' 
fo . RT*iRi*5 J;05su:^iS]Sr¥tTS*tt y >;J^70<OiaiS] 

tty >'i/70©ft$:i^|Rn?fct)6. SmmcOft $ 9 w u 



10 



20 
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yto aiJ^M^(0¥fTS:&tty >^;4^6)S(rlB^>Sfe» 
J;^\ 8(fSit:(^«i:<o^ia (20^) l;:*5(tsiaini^[fi]© 

(Br//) . ^m:t)i\ic, m^^^^ji-^—m 

(BH)maxS.U^^JJ^tb(Hk/iHc)^S!lSLjto Hk«4 re I 

(a{fc;ro3S$) -H (m#ro3fi$) fl^ro^2*|5S(c*3 

^^jf^jt(Hk/iHc)H4 7c I -Hmm^m<nmi^mi7jkLx 

v^-5o H5fBE:^<*:«^ja (20'C) lcjo{t-5S$:>^ 

[fejwa^aSS'lg (Brl) ^ay^f^, [(Br//)/(Br//+ 

Brl) xioo(%)] icX'0^m-t^W^M:^B}) lyifo^W. 

& ©aij^^g^^s 3 ic^-r, XBuia^fT^:^^ y 

fct). ^*4{io.oo3fi*%-cS)o^^. 

5 t|^:miCLTH:i|i0iJ<75ipfTM;^f4y V^^f'^SSSb^ W 

[0 0 2 3 J 
[*3] 







Br// 


IHc 


(BH)inax 


(Hk/iHc) 






(Mg/oO 


(T) 


(MA/m) 


(kJ/m 3> 










(kG) 


(kOe) 


(MGOe) 








7. 60 


1. 35 


1. 27 


353. 3 


96. 4 


92. 3 


6 




13. 5 


16. 0 


44. 4 








7. 60 


1. 31 


1. 31 


319. 9 


87. 1 


89. 4 


7 




13. 1 


16. 5 


40. 2 







[0 0 24J ^■i<n%mm'oW\kms^i (r:>^^i.'0 . 

i^m^\^i^^\t. t;«^S7. 56g/ctn' t^±. iai6]3^rS](C*3 
-5Br//;iU. 25T (12. 5kG) £Jl±, iHc^a^l. lMA/m(14. OkO 
e)J!^i[±. (BH)max;6S282.6kJ/m' (35. SMGOe) lJt±, (Hk/iH 
c)^587. 5%tAJi. .RU:BaiRi:&|B]Oia(B]gi585. 5%^^A±i: 

1/^ 5 ^ t¥5fe{C7fcVNi^v^a^il#14Sr^-f-5¥fT^:^tty 
[00 2 5] 'i^XT\z.^<r>mMMh LT¥fT^*14^*-t- 

y— WI&gSl50Jl*^;$'>'^13f;:^«Lfc„ iifefc, 7.7 

lo^f^ib^-tt-cj^^^ i3d>t>;^7 y -^iat=iiSrii 
;^7y-«^W6?rv'y ^-y- (i§i*wb&) X'^^\fir 



:^7y— Sr^«L^c. ^>iU^T'X7 y -Wi^W6 ^ v-y v 
((il^WB&) -C±#$ii:T=3f-V t'-r^- 3*^?)§|^ 

1/ ^;tfi. ^^-^ s/ K 9 Sr v- y 4 i 15 \z 

ib L, tffcl^T-7k¥:^|B](C:i. 0MA/m(13kOe) (OW.^W^^^ 
iPL/i;65e,±/<v^ (lil*«B&) ^SLa<T^<>^2{cJ;i9 
98MPa (1 ton/cm' ) (OBb;'3Sr*P;iT^JK»)E^^!fe?i^^ 

— r-O^/LTJjeSo H4|C^i-J?:;^fTi =2.8ram. ft 
^Li =80.0nim, "t^'L^^ 8 1 =45* W^S, 

R-F e-B^jl^T-:^'■fe^/^:^h^530^#fc„ *P 

<. ^::^tt##*f^<7)ffi(B]S (Br/4 7C I max) ii^'St.nX 
feo^. T-^-fe^;OhglESg{^^30»S*14«t;^(5l 

:&[Sicoa^i|tj4^Sii(20t:)-eaiJ^L/t*gmx idffii^ 



(9) 



2002-164238 



15 

(Br/4jtl™.. ) =96.8%, iHc=l. 24MA/ra(15. 6kO 
e) & 0« (BH) max = 394. SkJ/m" (49. 6MG0e) <!: 1/ 9 ift I' ^U*^ 
nhHtZo Xs ^«»i7. 60Mg/m' (g/cm' ) X-h*) . m 

sifio. i4fi*%, mmMito. o5mt%Rxfmmm-io. 

(RU-200BH) iC-feryhL, 26-0 ^S&lC <t 9 X 
IhI^ iCuKalB; 1=0. 15405nmiSrftffl) Lfcife 



16 

* ?)CO^^F(i, ^mM*-tt#-%-;^(^K)gefS]g (Br/4 jr I m 
ax) =96.4~96.7%, iHc=l. 23~1. 25MA/m(15. 4~15. 7 
kOe), (BH)raax=393. 2~395. ekj/m' (49. 4~49. 7MG0e) 
i:\^^0M\>^m%l^i^i:^L. aS«7.60 Mg/m' (g/cm 
' ) T*fe I? . ^^»»10. 13~0. 14M4%, J^**fi0. 06 



it'B-<^<D, 2 0 =29.08° CO(004)ffi. 38.06° (D(105) 
a^ S. 0^44. 34° «(006)ST'&9, (006) E^J^PjfDXH 
iHlifff— : 1(006) 4r 100% i: LT, I (105) / I 

(006) =0. eex'foofc,, 

10 0 2 6] iMMM8) ^■Yh^'r^ 3<Dm^RU:^y 



Mm 7 (Dm-^ t m 

5) / I 



10 



{i0.02~0.03a»%-e$,ofc. X, M 
lifCL-CXl^lHlSfL/h^m. I (10 
(006) =0.67~0.68T-feo7t. 

ammm ? t mmimm^mmi:mm u t=i. o~ 

4. Omni© R - F e - B ^^^T— ^ ±i^^y hSS^Sffl^ 

[0 0 2 7] 
I«4] 





L I (mm) 


Ti (mm) . 


6. C) 


ll:t£0*J 8 


7 2 


1 . 0 


5 5 


2- 1 


4. 0 



[0 0 2 8] JWT(c:7v'T>'l'M:frtt*^-t-'5. R-T- 

(Hap)^^'fl2$-ti:-C, ^ L 2 =65mm. W-^T 

2 =2. 5mm, 62 =40° S.t>'a 3 ©rt^Sr^-t'-SEl 5 © 
filE^ST — ^-fei/^ Vha^40Sr{^KU F^^tHapST^ 

y i^r (%) iwM^^iiSLfco 
^(Dmm\t. fmm^Rxifmw--^m^^k.t:.&.9\-\t.m: 

^{iV^-ftlt^ftff^Jt (Hk/iHc) ;5587. 5%S-Cfc f3 , iHc 
fil. lMA/m(14kOe)@T*fe 19 , S?^*H0. 13~0. 14M*% 
-Cfet), iK*»li0. 05~0. 06M*%T'fo f9 , ^**fio. 
003~0. 004M*%-e*>ofc„ 

(lt^f«l9) itmmi<D:^yV-t:l^mmPrt\^tzKii^ 

[0 0 2 9] 
[«5] 



30 



(mm) 


Hap 
(RA/m) 
(kOe) 


(.%) 


100 


708. 3 
8. 9 


92. 6 


50 


612. 8 

7. 7 


92. 2 


30 


461. 6 
5. 8 


91. 9 


10 


310. 4 
3. 9 


91. 7 



40 



50 



[ 0 0 3 0 1 iifclc:, y v?T/u y v^roSllSfifiUcov ^-ctft 

(Ute^ijio) s*%-c, ^ms&^mf&i^t^ d -.21.4 

%. P r : 6.0%, Dy : 3.1%, B : 1.05%, G a : 0. 
08%, N b : 0. 2%. A 1 : 0. 05%, C u : 0. 13%, C 

(32o/yya7y/ -) %:mmwk&7!)iippiidi^m (t^m 

m\cLX:^yV~^ifmhtz. mhtitz^y 'J M 
1 i^^i-^fM<^^^ i:'y 59('$^-f y^5lRm2(DfH 
^ : 60mm, ^TSSCO^fl : 45mm, V-i X3SS^ttai51(©:ft 
$ : 34mm, : 34nun) tC^*^, ^W^S-ti : 78. 4M 

Pa(0.8ton/cm' )RUy 'J'T JU^^mii^m^^^ : ^2 
38. 7kA/m (3k0e) (D^i^^FXy i^TJl'Mm'^^B t , I^Mi^ 
*#fc„ mm^M^&ime&.SPaiBXlo" lorr), 2 
OOlCW^iij^T' 1 ^r^J^PUft LflJiJft^, ifrci'^Tj^4. 0X10 
Pa(3X10"° Torr), 1060'Cro^j4^-e 2 ^P^j^^^ 



(10) 



17 



niin^^I/ii5^Flliiim<Z>7v'T>'l'^;&tt^=fi"-t--5 7v/T>'Uy 

fli:o§]t)mL^®fCOV^Tia2 (b) iCi ipifte^-rsc 

^RPSCOS ^ P $r 'C' L T 5 minlw S J; 5 {--t 

€)o <S^(-. gURPSicSfffCiS^RT (:ft^2.8iiim) Rt>*iE 
IISU (S$2.8mm) ^5l<o ^t-s ^HRPStw^frtCjiCll 
TU (ftSSmrn) ^51 <„ ft*-ff^RSUT|C*5»-t5RPS:&-|p)S 



10 
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ro^S (20t;) |itJ»tS7v'T/U';6-|pi»a®jK^^S 

(Br//) , ^m:hiHc. miZ^^-^^^~m(BH)max:^X^fk 

ff$tt(Hk/iHc)^aij^Lfc. HkH4 7ti mitcom^) - 

H (^#<D3fi$) ft^CO|?2^|5Sl:i4ol/\T. 0.9Br{iffi 
^■rSHOffiT'*! 9 > Hk€riHc-C^Lfc^?glt(Hk/iHc) 

IBit::fyi*:o^ia (20*0 ^c:^6^ii>M^:)J{^(om^mM^ 

S (Brl) trS'J^^. [(Br//)/(Br//+ BrDxiOO 

*£^Sr*4{c:;^-t-. XMIByv'ryuy i^i/'«)®g^*llO. 



:»40. 05fil:%T*fc (J , 



0. 003^4% X'fco;to 

(jtiSEMio) litfe^iii 0K>^7 y-ic:#^r. iti^m 

[0 0 3 1 J 







Br// 


iHc 


(BH)iQa}c 


(Hk/iHc) 


saiRi^ 




(Mg/m») 


(T) 


(MA/m) 


(kJ/m 3) 


(%) 


(56) 




(g/CDI*) 


(kG) 


(kOe) 


(MGOe) 








7. 6] 


1. 30 


1. 43 


318. 4 


96. 4 


89. 9 


1 0 




13. 0 


IS. 0 


40. 0 








7. 61 


1. 23 


1. 43 


281. 0 


87. 1 


85. 2 


1 0 




12. 3 


18. 0 


35. 3 







lO 0 3 2] ^4 0||Jfe«S|l O&t>'tt:^0ijl 0«S;i:<t 30 
"9. *«0Jl^itV{±\ ^fi/!)57. 56g/cm' ti±. 7i?T>'V' 

;l^fBHC*Jtt-5Br//;dSl. 25T (12. 5kG)a-fc^ iHc^Jl. IMA/m 
(14. OkOe)iil±, (BH)raaxi4S282. 6kJ/m^ (35. 5MG0e) iil, 

±, (Hk/iHc) ;i587. 5%jlilJi. v?ryl':^|p]«iB[p]^ 

^v'/'yuy i^i^^%^X'^^:Ltt^t>t^i>o 
[0 0 3 3] iMMm I) mi(r>i$.WM<nf^^ :!^^\,^ 

a®^;^(Hap)*^X.fci:#CDHap. ft|i|6<J{C|§btufc7 40 

v^ryi^y v^^«i*i@:Rt)«7v?Tyw:J^iS]<oiBi^g (%) w 

M^RSrliSLfCo Hapf±S5tC;T5:-rJ: ^l-^v'T/PM* 

tt^^i-SRKJi^flEy :^i5^i-/£i^*,7s^r/i'y vi^w^g 



<t <!) 716. 2kA/m ( 9 kOe) i)^±MXh'^ It, tUlBfM^i^ ]) > 
^(Drtg, (^S=rtg+(8~20inni)) ^.tMiap^ 

ssidi^-ff^s^&^^i-s^i^T/uy ^'^^ 

ftK LfCo « 5 <Ol ^-f 7 V?T/U y >' t 7 V?T/W:)^ 

Vyi^hfkMit (Hk/iHc) {487. 5%je-^fc "9 , 1. IMA/m 
(14. OkOe)acOiHcSrW ^^^4*40. 14~0. l&mM%X' 
h*). )^^*:»40. 04~0. 05ai:%T-fe IJ , ^^»f40.00 

3~0. 004S»% Xh-o Tto 

(itigf^ij 1 1 ) itm 1 «x 7 y ~-%:f$.mm.nt Lft&L 
^^itmmmi i i:l^1tl-LTa5(^7v'T>'^y ^'^^{■^ 

[0 0 3 4] 
[^7] 



(11) 



19 
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Hap 
(kA/m) 
(kOe) 


(rain) 


(%) 


mmm 1 1 


1 1 


7 16. 2 
9 


10 0 


9 2. 9 


8 5. 3 


6 3 6. 6 
8 


5 0 


9 2, 7 


8 5. 1 


4 5 3. 6 
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